Development and resource allocation decision processes are increasingly under pressure to take environmental values into account in order to reach optimal economic outcomes. In South Africa new techniques will be needed to incorporate environmental values into environmental impact assessment and in the allocation of water resources under the new National Water Act (1998), both of which require the comparison of alternative scenarios with varying impacts on the environment. This study on the tourism value of rivers in the Crocodile Catchment is the first case study to develop methods for incorporating the economic values of the goods and services provided by functioning aquatic ecosystems into such decision processes. Rivers within the Kruger National Park (KNP) will be affected by water usage in the portions of their catchment areas upstream of the park boundary. The current tourism value of these rivers was considered in terms of revenues to KNP (visitors' on-site expenditure), contribution to the economy (visitors' on-site and off-site expenditure) and recreational value, including consumers' surplus. The effect of a change in river quality was determined using a joint contingent valuation -conjoint valuation approach, whereby respondents rated four different scenarios, each containing four attributes at four different levels. It was estimated that the current value of KNP tourism is about R136 m. in terms of on-site expenditure, R267 m. in terms of economic impact, or all expenditure related to visiting the park, and R1 bn. in terms of consumers' surplus. The latter two values can be added to calculate total recreational value. Four methods were used to isolate the value of rivers from the total tourism value stated above, and all yielded similar values of about 30% of the total. This implies that about 30% of tourism business would be lost if rivers were totally degraded. Thus, rivers within the Crocodile Catchment, which takes 22% of KNP visitor-nights, contribute R9 m. to KNP revenues and have a total annual recreational use value of about R85 m., including off-site expenditure and consumers' surplus. The conjoint analysis generated an equation which is able to predict the change in trip expenditure, or total KNP revenue, associated with changes in levels of any of the four attributes considered. Appearance of the riverscape has the greatest influence on recreational use value, followed by waterbird diversity, aquatic megafauna and riparian tree density. Such models can be used in water allocation decision processes when attribute levels associated with alternative management scenarios are predicted by aquatic ecologists.
Introduction
Development and resource allocation decisions are usually based on the rationale of maximising economic benefits. Most development carries some degree of impact on the environment, a problem which has been addressed in the past mainly through efforts at damage mitigation, but the economic implications of environmental impacts have largely been ignored in decisionmaking processes. However, with the valuation of environment and biodiversity becoming a growing international field, there is now increasingly a move in the international arena to consider the full costs and benefits of actions in decision processes, as new understanding suggests that many past decisions have been suboptimal.
In South Africa, it is now starting to be recognised that inclusion of environmental economics is important in environmental impact assessment (CSIR, 2000) and in the application of the new National Water Act (Act 36; RSA 1998; Turpie et al., 2000) , in which the environment is recognised as a legitimate water user.
Under the National Water Act, allowance is made for the allocation of an ecological reserve (the quantity and quality of water required by ecosystems to maintain a certain level of functioning), as well as a reserve for basic human needs. Water resources (river reaches, wetlands etc.) will be classified into management classes which will determine their future state of health (ranging from relatively pristine to 'hard-working'). This, in turn, will determine how much water can be allocated to development and how much is retained in aquatic systems as an ecological reserve. The process of definition of management class and reserve has been termed resource-directed measures (RDM). In this process, the management class -or society's desired future health state of the ecosystem -will be decided on the basis of ecological status and health, basic human needs, and economic and social considerations. The framework and methodology for incorporation of socio-economic considerations in the decision process is still under development, but will involve a catchmentlevel analysis of the implications of retaining alternative levels of quantity or quality of water in the ecosystem (Turpie et al., 2000) . This decision process will rely on capacity to predict both the ecological and economic impacts of different scenarios of catchment management. Whereas the field of environmental valuation has progressed significantly during the past two decades, methods for predicting changes in value due to changes in environmental quality are less established. Such methods would be appropriate for application in environmental impact assessments as well as resource allocation decisions such as in the RDM process, both of which involve the evaluation of alternative scenarios which have differing levels of impacts on the environment.
This study aims to apply existing valuation techniques to rivers, and to develop a methodology for estimating the economic impacts of a change in river quality. While aquatic systems affected by water allocation decisions yield numerous economic benefits from goods and services (e.g. fisheries, plant harvesting, recreation, flood retention, and water purification), we concentrate on tourism values, particularly as they apply to rivers flowing through a protected area. Isolating the tourism value of specific natural resources is particularly complex as it involves separating the component values of composite goods. Firstly, it is necessary to isolate the value of rivers as one of numerous attractions of a protected area. Secondly, to understand how river values might change with different levels of water allocation, it is important to understand how different attributes of rivers contribute to this value. This is because ecological impacts are described in terms of expected changes in separate components of the ecosystem, many of which respond differently to changes in variables such as river flow.
A case study was carried out within the Kruger National Park (KNP), South Africa. Because the economic implications of water allocation will need to be understood at the catchment level, we concentrated on that part of the Crocodile River catchment falling within the southern KNP. The Crocodile catchment forms part of the Komati basin, and the Crocodile River forms the southern boundary of the KNP.
Methods
Two survey instruments were developed, one for visitors to the KNP, and another for tour guides within the park. These are described in more detail below. The survey instruments were designed, tested, refined and administered during the week 29 May to 2 June 2000. Visitors to Berg en Dal, Skukuza, Pretoriuskop and Lower Sabie Rest Camps, and Afsaal, Tshokwane and Nkuhlu picnic sites were approached randomly by the enumerators and interviewed. In total, 183 questionnaires were completed. Information gathered in the surveys was used to:
• determine the value of tourism in the Komati Basin and Crocodile catchment areas of the KNP; • determine the proportion of this value that can be ascribed to rivers; and • determine the potential effect of a change in river quality on this value.
Determining the value of tourism in the study area
Several measures of value were considered:
Revenue to KNP Visitor data and revenue data were available from the KNP, separated to different gate entries and different rest camps. This revenue was apportioned to the Komati Basin, and within this, the Crocodile Catchment area, using the proportions of visitor entries and overnight revenues accruing to gates and camps within these areas. These statistics give a simple measure of gross income to the KNP and its component areas in terms of visitor spending.
Contribution to the SA economy Some visitor spending outside the park is attributable to the park itself. This is true in the case of visitors paying outside safari operators for guided trips into the park (apart from the entrance fees, this income accrues to companies outside the park), and in the case where visiting the park formed part of the reason for a trip from home (where a portion of the visitors' total travel expenditure is therefore attributable to the park). These values were estimated as follows:
Revenues to private safari companies operating within the KNP Information on the tariffs for day safaris was obtained through telephonic interviews with safari companies. Data on the number of clients brought into the park by safari operators and their gate payments was obtained from the KNP. These figures were used to estimate the total annual turnover generated by private safari companies from their operations in the KNP.
Visitor expenditure outside the KNP The visitor survey included questions about visitors' origins, full trip itinerary and budget, and the degree to which visiting the KNP was the motivation for the trip. The latter, given as a percentage, was used to attribute the portion of total off-site expenditure attributable to the KNP.
Recreational use value including consumer surplus
The amount of money that visitors spend on enjoying an amenity such as the KNP may only reflect part of their actual willingness to pay for the experience. The willingness to pay more than the actual price is called consumer surplus. When aggregated over all users, the sum of actual expenditures and consumers' surpluses equals total recreational use value (Fig. 1 ). This is usually estimated by means of the travel-cost method (TCM, Bockstael et al., 1991) . Questions addressing trip costs and on-site expenditure were thus included in the visitor survey. A zonal TCM was applied, which compares the frequency of visits from zones of different distances to the reserve with the travel costs from each zone to estimate the visitors' demand curve and the consumer surplus (Hof and King, 1992) . The origin zones were taken as the different countries and for South Africans, different provinces. Estimated total visitor numbers from each zone were expressed as a proportion of the total zonal population to obtain visitation rates from each zone. In order to avoid the problems of multiple site visits, the travel costs were not taken as full trip costs, but as the proportion of total trip costs that visitors ascribed to the KNP. In order to derive a demand function for visits to the KNP, zonal visitation rates (calculated on the basis of the total population of each zone) were regressed against average travel cost per visitor and GNP per capita in each zone. GNP per capita did not contribute significantly to any regression, but the best functions were obtained when samples from Africa (apart from South Africa and Namibia), South America and India were analysed separately, as visitation rates were disproportionately lower from these zones, possibly due to a combination of large population size, low average wealth, cultural distance and/or availability of closer substitute destinations. The functional form of the travel-cost demand curve, which may be linear, semilog (log of dependent variable) or loglinear (double log), and which is most commonly a semilog function, was chosen on the basis of best fit. Thus, the resulting demand curves took the following form, expressed as a semi-log function: 
The area described by this function does not include the actual expenditure by visitors (Fig. 1) . Actual expenditure as determined in the surveys was added to consumers' surplus for each zone to obtain total estimated recreational use value. On-site expenditure, off-site expenditure and consumers' surplus were initially calculated for the whole of the KNP, and were then apportioned to the Komati River basin and Crocodile River catchment portions of the park on the basis of the percentage of visitor nights spent in each of these areas.
Determining the proportion of value ascribed to rivers
The above values come from the multiple attractions that KNP has to offer, with rivers forming only part of the overall 'package'. The percentage of tourism value which could be attributed to the rivers in the park was assessed in the following four ways, as well as by using contingent valuation methods (see following section):
• The percentage of the total mileage of roads in the park which have been laid along rivers, as a measure of past perception of the relative value of rivers to visitors. • The percentage of total mileage done in the park which was driven near rivers -visitors were asked to trace the routes they had used on a map, and safari guides were asked to trace their most frequently used routes.
• The percentage of time in the park which visitors spent at rivers -visitors and safari guides were asked to give rough estimates of the percentage time they spent at water-holes or dams, at rivers and in bush habitats.
• The percentage of satisfaction or enjoyment which the visitors obtained from rivers -visitors were asked to estimate the percentage satisfaction that they derived from each of the abovementioned habitats.
Safari guides were also asked about seasonal differences in their routes. The safari guide questionnaire also served to acquire qualitative details about seasonality in the use of river routes, and about the attraction of rivers for tourists. Specifically, they were asked if there were any species that would make a visit to a river worthwhile even if there was only one individual present. In order to determine how much of the game-drive generated turnover could be attributed to rivers in the park, these revenues (net of park entrance fees) were multiplied by the proportion of time that was spent along rivers during safaris.
Determining the impact of river quality on tourism value
The impact of a change in river quality on tourism value was ascertained by a combination of conjoint valuation (e.g. Green and Ra, 1971; Stevens et al., 2000) and contingent valuation (e.g. Mitchell and Carson, 1989; Arrow et al., 1992) methods. Conjoint methods, often used in marketing, seek to ascertain the relative value of different components of a 'package' of goods, or in this case, the different attributes of a river. Respondents are asked to rank or score a range of scenarios which differ in the state of their attributes. There are two possible approaches: a two-factor evaluation or trade-off approach where only two attributes are considered at one time and a number of attribute combinations need to be considered by each respondent; or multi-factor evaluation where respondents are presented with a combination of all attributes at one time. For this study, a multi-factor evaluation approach was taken, as it is easier to administer, and reflected more realistic scenarios of riverine change. Within multi-factor conjoint analysis, respondent burden grows exponentially with the number of attributes and attribute levels. For this reason, the number of attributes and attribute levels were kept to a minimum while trying to ensure that a representative range of relevant river attributes and attribute levels was used. Four attributes of river systems were selected, namely, number of crocodiles and hippos, number of waterbird species, diversity of the riverscape, and density of riparian trees, and four levels were defined for each (Table 1 ). The levels of these attributes will vary depending on ecological catchment management practices and are appropriate for use as indicators of change.
With four attributes and four attribute levels, there are 256 possible combinations. Of these, 16 were chosen using an approximation to an extended centre point design (Stewart et al., 1993, page C5) . Both a worst case (worst on all attributes) and an ideal case (best on all attributes) were included. The status quo formed one intermediate point, while the remaining 13 intermediate combinations (better and worse than the status quo) were randomly generated using MS Excel's random number generator, eliminating impossible combinations of attributes. The 16 scenarios were distributed among five questionnaire versions, including the status quo scenario in each. Each respondent rated four scenarios (three relative to the status quo). The status quo was included in all five survey versions so that respondents had a benchmark against which to compare the different scenarios (although it was not identified as the status quo to the respondent). This also provided a benchmark for adjusting scores from the five questionnaire versions to an approximately common scale. The pristine (ideal) and heavily degraded (worst case) river scenarios were each only included in one of the five survey versions. In a multi-factor conjoint analysis, a single rating is given to a combination of attributes of different levels. A rating system for scenario comparison was used where respondents were asked to rate each river scenario using a scale from 1 to 10, with 1 indicating a scenario yielding very little or no satisfaction, and 10 a scenario providing the most satisfaction. Ratings were used because they indicate the relative benefits associated with each scenario explicitly as opposed to other methods, for example, binary preference models which limit the utility 'benefit' to 1s or 0s (Mackenzie, 1993) .
Survey responses where respondents had not co-operated or had clearly not answered the question thoughtfully were excluded from the data analysis. A total of 180 responses were used in the conjoint analysis. This final pool of responses consisted of 38 copies of version A, 34 of version B, 34 of version C, 38 of version D, and 36 of version E.
In order to take into account the scaling effects of the different ranges of scenarios offered in each survey version, mean scores for scenarios from the five survey versions were adjusted so that the status quo score in each version was equal to the status quo score in the version containing the ideal scenario.
The relationship between the different levels of the attributes and the response (score) was examined using a generalised linear version of multiple regression (GENSTAT 5, Version 4.1, 1998). The four attributes (croc/hippo, waterbirds, riverscape, and trees) were entered as terms to be fitted to the response variable, i.e. the score (Z) given to the scenario, as follows:
where Croc/Hippo (C), Birds (B) and Trees (T) were continuous variables and riverscape (R) was a categorical variable. This model produced the best fit in comparison to other combinations of designated continuous and categorical variables.
A utility score can be generated from the above model for any combination of attribute values representing riverine conditions. In order to express respondents' utility or preferences in monetary terms, a conjoint approach typically includes a cost variable as one of the attributes. Unlike other conjoint studies where the cost variable refers to the cost of a trip (or 'package'), we could not use this approach because of the highly variable total trip costs involved, and because within a trip, the time cost of visiting a river was not really a cost. Instead, we included two contingent valuation-style questions which provided values for the 'ideal' and 'worst' scenarios relative to the status quo:
• If all of the rivers in the KNP dried up completely, so that there were no crocodiles, hippos or waterbirds present, there were no riverine trees, but everything else in the park were the same, would you spend less time in Kruger Park? Please estimate how much.
• Consider the fact that the rivers in the Park are used upstream, and are presently not in their original state. If, hypothetically, the rivers were to be restored to their original state -that is, they contained high numbers of crocodiles, hippos, waterbirds, etc, diverse habitats, including lots of riverine trees, do you think that you would spend more time in Kruger Park? Please estimate how much.
In order to convert utility scores to monetary values, we regressed the three utility scores for the 'worst', 'status quo' and 'ideal' scenarios against their corresponding value in terms of resultant visitor expenditure (both in terms of average expenditure per trip and total annual revenue generated in the KNP). 
Results

Visitor origins
The results of 163 visitor groups (of the total of 183) who supplied information on expenditure were analysed, representing 708 visitors to the park. Of these 11 groups were on bus tours, and the remaining groups were self-drive visitors. 60% of the visitors (including the group totals) surveyed in the park were from Africa, 29% from Europe and 6% from North America (Fig. 2) . Visitors from Asia, Australasia and South America each made up less than 1% of the total visitors to the park. Of the African visitors, South Africans made up 98.9% of the total, with Gauteng (37%) and KwaZuluNatal residents (35%) comprising the majority (Fig. 2) . The origin of visitors has not been recently determined in the park, but our sample is assumed to be representative.
Visitor expenditure
The majority of South Africans visiting the park were on a singledestination trip, with KNP being cited as 85% of the motivation for their trip away, on average (Table 2) . Most international visitors, on the other hand, were on multiple-destination trips, and cited KNP as being approximately 51% of the reason for their trip. Total trip costs for foreigners were generally higher than those of South Africans (Table 2) . Foreigners tended to spend less time in the KNP, but spent more money on site than did South Africans (Table 2) . According to park statistics, the total revenue generated by visitors' on-site expenditures in the KNP for the 1999/2000 financial year was R136 m. Based on the stated importance of the KNP for a visitor's whole trip away, the inferred willingness to pay (or total on-site plus off-site expenditure attributable to the KNP) is substantially higher than actual on-site expenditure, particularly for international visitors (Table 2 ). Based on these data, the total expenditure attributable to KNP is estimated to be R267 m. (Table  3) . Although this includes airfares and tour costs paid outside the country, much of the total probably contributes to the South African economy. Approximately R58 m. was attributed to the Crocodile catchment, of which about R30 m. was on-site expenditure (Table 4) .
In addition to the expenditure by self-drive and touring visitors, many visitors enter the park in safari vehicles which operate from various bases around the park. Although their entrance fees are Based on the average price for a half-day game drive of R375, and subtracting the gate fees of R65 per person, the gross income to private safari operators from game drives in the KNP was approximately R12.5 m. In comparison, KNP-run game drives yielded an income of R4.6 m. during the 1999/2000 financial year, from a total of 66 507 park guests (included in the estimated expenditure within the KNP, Table 4 ).
Total recreational use value
The average travel costs incurred per person in visiting the KNP ranged from R341 to over R10 000 for visitors from different zones (Table 5) . Two demand curves were derived, one for 'developing world visitors' and one for 'developed world visitors', the latter including South Africa and Namibia (Fig. 3) , although the 'developing world' regression is only significant at the 10% level. The demand equations can be expressed as follows: Using the first regression, consumers' surplus is estimated to be at least R1.004 bn., although the total is R.1.016 if both regressions are used. Thus, the Komati basin and the Crocodile catchment area are estimated to contribute approximately R612 m. and R220 m. to this consumers' surplus, respectively.
Among South African visitors, consumers' surplus ranged from R368 to R5 035, with an average of R2 012 and a median of R1 270 per trip. Among foreign visitors, consumers' surplus ranged from R554 to R9 818, with an average of R4 327 and a median of R2 386 per trip.
The tourism value of rivers in the KNP
In southern KNP, approximately 28% of the existing road network is along rivers, whereas 32% of the distance travelled by visitors was along rivers. The percentage of satisfaction gained from rivers (30%) was higher than the visitors' estimates of percentage of time spent along them (25%). Based on the measure of satisfaction (see discussion), R41 m. (30%) of KNP revenues and R80 m. of overall expenditure (on-site and off-site attributed to KNP) by tourists could be attributed to rivers for the whole of the KNP. The values apportioned to the Komati basin and the Crocodile catchment, estimated on the basis of total values obtained in the previous section, are summarised in Table 6 .
In addition to the above, responses were obtained from 24 safari guides operating within the KNP. About 27% of the route driven by guides, on average, is along (or over) rivers. These guides claimed to spend, on average, 26% of their time at rivers (as compared to 23% at water-holes and 51% in the bush). Thus, selfdrive tourists tend to use a greater proportion of river roads than available, while safari guides use less. There was no significant difference in the use of these habitat types in summer or winter. Based on percentage of time spent at rivers, it is estimated that approximately R3.2 m. of the revenues generated outside the KNP for safaris into the park can be attributed to rivers.
Safari guides indicated that a number of attractions justified spending time driving along rivers. The most important of these were the presence of hippos and crocodiles and concentrations of various game species along the river, particularly during the winter months. More than 90% of drivers felt that the presence of these animal species and the animal concentrations was the most important feature of rivers. Approximately two thirds of the drivers recognised the appeal of the riverscape itself as an attractive feature while around half felt that the large river trees and riverine birds were important features. Safari guides also indicated that a number of other specialist species such as bushbuck Tragelaphus scriptus, nyala Tragelaphus angasii and, in particular, leopard Panthera pardus were also important and attractive features of riverine areas. Most safari guides did not consider the presence of alien aquatic weeds to be a significant deterrent to visits.
Effect of a change in river quality on tourism value of rivers
Average scores given for the different scenarios posed to respondents ranged from 1.05 for the 'worst' scenario to 9.45 for the 'ideal' scenario ( Table 7) . The status quo condition of rivers in KNP scored an average of 8.67 across all five survey versions. After rescaling the scores, the status quo scored 7.71, and the scores ranged from -0.68 for the 'worst' to 9.45 for the 'best' scenario.
The utility score (Z), was predicted on the basis of attribute levels by the generalised linear model (r 2 = 0.671, Table 8 (Table 9) . If all of the rivers in the KNP were restored to a 'pristine' state, the average respondent claimed they would spend an average of 24% more time in the KNP. A typical trip would then have a value of R1 917, and annual revenues would increase to R169 m. In contrast, if the rivers were allowed to dry up and degrade completely, an average visitor would spend 29% less time in KNP. This visitor, on a typical trip to the KNP, would then only spend a total of R1 094. The annual revenues of the KNP would fall to R96 m. (Table 9 ). Based on these three scenarios, the relationships between utility and trip expenditure (Fig. 4) These equations could similarly be adapted to estimate the total willingness to pay (including consumer surplus) on the basis of utility.
Using the relationships between river attributes and utility and between utility and expenditure, the expected changes in total expenditure for any combination of attribute levels can be estimated as exemplified in Table 10 .
Discussion
Measuring tourism value
Three components of recreational value were considered in this study: on-site expenditure (i.e. within KNP), off-site expenditure (attributable to the resource under consideration) and consumer surplus. In various combinations, these components make up three common concepts or measures of value: revenues (on-site expenditure), contribution to the economy (on-site plus off-site expenditure) and total recreational value (on-and off-site expenditure plus consumer surplus). All three measures are valid in different contexts. They differ mainly in terms of whose benefits they reflect. On-site expenditure reflects the benefits to the protected area authority, but total expenditure reflects the income generated in the economy as a whole. In both these cases, there is a knockon effect (the multiplier effect), in which these expenditures lead to further spending in other sectors of the economy, although we have not attempted to measure this value here. Total recreational value is the value of the experience to the visitor, expressed as the total amount he would have been willing to pay for that experience. Both measures of expenditure reflect proven willingness to pay, while consumer surplus reflects additional willingness to pay which has not been captured in existing markets.
On-site expenditure is the most straight-forward measure of value, and is the most commonly used figure in most analyses of environmental value. This measure of value has important uses, but used in isolation, can be misleading in terms of the value of natural amenities. Indeed, on-site expenditure may be only a small proportion of total economic impact and of total recreational value. This is particularly true in cases where natural amenities are severely under-priced or where access is free. Even in the KNP, where prices are relatively high compared to other natural areas in South Africa, on-site expenditure accounted for about 50% and 22% of total expenditure and total recreational value, respectively. In cases where access to resources is free, analyses of off-site expenditure have been a necessary step in elucidating at least part of the magnitude of the recreational value of certain amenities (e.g. recreational shore-fishing, McGrath et al., 1997) .
Off-site expenditure involved in recreational use of an amenity is usually estimated by means of questionnaire surveys about travel costs, and may or may not be part of a full TCM study which estimates consumers' surplus. However, the estimation of travel costs and their use in demand curve estimation has been notoriously difficult because of the problem that many respondents are on multiple-destination trips. In such cases, full trip expenditure cannot be attributed to the site being valued. In this study, we addressed this frequent problem of overestimation of travel costs by asking respondents to state a percentage of the reason for their trip that was attributable to the KNP. Respondents appeared to have no trouble understanding this concept and responding to the question. We believe that it is possible to obtain relatively robust estimates of off-site expenditure attributable to visiting a natural amenity using this relatively simple technique. However, it should be noted that in this study the survey was carried out entirely on weekdays during winter and may not have been entirely representative of the proportions of visitors on different types of trips or travelling from different distances. For example, it would have been biased against local visitors (weekenders) and those who visit KNP during school holidays (foreigners and locals) or in summer (e.g. birdwatchers).
The estimation of total recreational use value also requires an estimate of consumers' surplus, the latter being most commonly estimated by means of the TCM (Bockstael et al., 1991; Tobias and Mendelsohn, 1991; Dobbs 1993; Freeman 1993; Navrud and Mungatana 1994) . In this study, consumer surplus for tourism in the whole of KNP was estimated to be in the order of R 1 bn. When compared with the estimated US$450 m. consumer surplus for all of Kenya's national parks (Moran, 1994) , our estimate (about a third of this value) appears to be reasonable. The accuracy of any estimate of consumers' surplus depends on how well the model can explain variability in visitation rates. In this study, 67% of the variance could be explained by travel costs. Our model did not take socio-economic factors such as income and differential spending power into account.
Isolating the value of rivers
Tourists are attracted to the KNP by multiple features which form part of the 'package' for which they are willing to pay. Because of the inter-relatedness of natural features, it can be difficult to isolate the component values. Since wildlife is the main attraction for most visitors to the park, it may be argued that it is not rivers that are being demanded per se, but the wildlife that they support. Thus, rivers could be viewed as supplying wildlife, the real item being demanded by tourists. The same might apply to other habitats. However, because some utility is derived from the plants and the views of the habitats themselves, it would be very complex to approach valuation in this way. Thus, it is important to stress that in this study we view rivers as ecosystems containing wildlife, rather than as the water that sustains wildlife, and thus as commodities which are demanded by tourists.
We experimented with different ways of isolating the value of rivers in the tourists' experience. These included the proportion of roads along the river, the proportion of mileage travelled by tourists along rivers, time spent along rivers, and stated satisfaction gained along rivers. The results from all four methods were similar. Nevertheless, the level of satisfaction was considered to be the most appropriate measure of the percentage contribution of rivers to the total value of visitors' experience in the KNP as it was a direct measure of utility. Furthermore, this measure was least subject to the inherent bias of the position of the existing road network. In addition, the result was supported by the contingent valuation questions concerning a decrease in the time that visitors would be willing to spend in the park if rivers no longer flowed at all, also about 30%. However, not all respondents felt comfortable with, or could answer the more hypothetical contingent valuation question, and if this method were to be used in future, careful attention should be paid to the wording of the question.
Estimating economic impacts of changes in river quality
Stated preference elicitation methods are usually used to value changes in environmental quality. These methods include contingent valuation, contingent ranking, polychotomous choice and conjoint analysis (e.g. Stevens et al., 2000) . The contingent valuation method (CVM) is widely used to evaluate non-market environmental amenities (Mackenzie, 1993; Stevens et al., 2000; Shultz et al., 1998) . However, CVM is viewed with scepticism and its accuracy continues to be a subject of debate (Bishop et al., 1995; Boxall et al., 1996; Stevens et al., 2000) .
Conjoint analysis is a market research technique which is able to extract preferences for multiple attributes at multiple levels (Boxall et al., 1996) , a complexity that reflects the complexity of ecological systems. Conjoint analysis makes substitutes explicit and this may encourage respondents to explore their preferences in more detail as well as to express ambivalence or indifference directly, reducing non-response and protest behavior (Stevens et al., 2000) . When a visitor is considering a combination of river attributes for rating or ranking, his decision is governed by tradeoffs, and although he or she may be unable to articulate them, they may be revealed by choices among hypothetical rivers having qualities which are varied in systematic ways.
In this study, the conjoint analysis assessed how the tourism value of the KNP would change in response to changes in river quality as depicted by the changes in level of selected attributes. Although many river attributes may contribute to a visitor's experience, it was necessary to select a limited set of these, in order to minimise the respondent burden and sample size requirements.
Thus, in selecting attributes we tried to choose those which would be both good indicators of river quality and important attributes in terms of the tourist experience. To a large extent, our attributes matched those named by tour guides using the park. However, based on their comments, large mammals, especially leopards, should possibly also have been included.
In this study the different levels assigned to attributes were set relatively arbitrarily, but in applied studies they should be as compatible with the scenarios under study as possible. In addition, our survey was slightly ambiguous in the description of levels of trees, in that the words 'few' and 'some' were chosen to represent two different categories of tree densities. Future survey design should be done in close collaboration with ecologists and hydrologists for the choosing of attributes and attribute levels. For example, in a comprehensive analysis of alternative water allocation options, ecologists will need to be able to predict the changes in levels of such attributes in response to changes in flows. As long as definable scenarios can be associated with each potential management option, decision-making will be better informed.
A drawback of the conjoint method is that it requires a relatively large sample size. In this study, a sample size of 180 was sufficient to obtain a highly statistically significant model for predicting utility on the basis of attribute levels. However, if further attributes are added in future studies, the sample size will have to be increased.
Conjoint analysis usually includes a monetary attribute, which is then also traded off against other attributes. In this case, trip costs could not be included as a variable, and so monetary values were estimated with the contingent valuation question. Thus, instead of calculating monetary values of attributes in a single model, two models were developed in this analysis, the first modelling the utility score, given a combination of four attribute levels (the conjoint model), and the second modelling the monetary value associated with that score (the contingent value model). In this study, utility scores were converted to monetary values on the basis of a regression from only three data points (for the status quo, worst, and best scenarios). The best fit model to these points reflected bigger increases in monetary value at higher attribute levels than at lower attribute levels. This was counter-intuitive, especially given expectations of diminishing rather than increasing marginal utility, and was probably a result of the small number of data points. We retained a linear form to the regression. In future studies, imaginative ways will have to be found to increase this number. For example, the contingent valuation questions could be randomly attached to different scenarios presented in each questionnaire version.
Although the estimates of reduction in time spent in KNP with loss of river function agreed with other measures (see above), we felt that the estimates of change in time spent in KNP with improvements in river quality were unrealistic (e.g. that, on average, people would stay 24% longer if rivers were in 'ideal' conditions), and these may have skewed this model's results. There seemed to be a discrepancy between those that interpreted the question as purely hypothetical (i.e. nothing would constrain their ability to remain in the park longer), and those that assumed that real-world constraints (such as pre-determined holiday lengths) would still exist. This is, most likely, the result of interviewer bias, or an unclear presentation of the scenario, and attention should be paid to the wording of this question and to giving respondents more time to consider their answers (cf. Whittington et al., 1996) . Alternatively, the responses to this hypothetical scenario may actually better reflect peoples' change in utility rather than in their expected change in economically measurable behaviour or expenditure.
In addition, in future applications, the contingent valuation should include the possibility that respondents might change the frequency of visits to the KNP as well as, or instead of, changing the duration of a visit. This would be particularly relevant for local visitors.
Applicability of these valuation methods in resource allocation decisions
In both EIA and RDM, decision processes which evaluate alternative scenarios for the allocation of resources usually involve decision frameworks such as cost-benefit analysis (CBA) and/or multicriteria decision analysis (MCDA). Both types of analysis involve a comparison of outcomes based on certain criteria. Criteria for valuation in CBAs have traditionally been limited to project costs and benefits and environmental costs or benefits have been excluded as externalities. However, environmental impacts can be taken into consideration in both frameworks. Whereas they have to be expressed in monetary terms to be included in CBA, this is not a necessary prerequisite for their inclusion in MCDA.
This study quantified the tourism and recreational value of rivers of the KNP and component catchment areas. The values obtained do not take into account their total ecological value in terms of the ecosystem functions that the rivers fulfil, other use and non-use values, nor recreational values not associated with the KNP. If CBA is to include environmental costs and benefits of alternative scenarios, then it is necessary to include all types of environmental values ranging from direct use of natural resources to existence values. Some of these values are more tangible than others. Even tourism or recreational value, as measured in this study, contains a mixture of more and less tangible values, ranging from direct on-site expenditure to consumers' surplus. It is the less tangible values such as consumers' surplus and existence value that are more difficult to measure. These are also difficult concepts for most stakeholders and decision-makers to grasp, especially when expressed in monetary terms. As a result, they are often excluded from studies, despite the fact that their value is often a significant proportion of overall value. In fact, these are important values to communicate to policy-and decision-makers.
Because of the dangers (of incompleteness or inaccuracy) inherent in relying solely on CBA, and thus the accurate estimation of value, a preliminary decision framework developed for the RDM process (Turpie et al., 2000) suggests the use of MCDA as an integrative process, with valuation methods such as those developed here being used to supply some of the inputs into this process. MCDA has the advantage of being able to cope with qualitative as well as quantitative criteria in assessing trade-offs in the decisionmaking process (Stewart et al., 1997) .
Nevertheless, there may be advantages in being able to quantify criteria, and the use of methods such as those described here may enhance both CBA-and MCDA-based decision processes. However, the methods are often complex (for example, this study of recreational use value alone involved using TCM, CVM, conjoint valuation, GLM, and regression) and surveys can be costly. Whether the results justify this needs to be tested in South Africa over the next few years.
In valuing natural resources, a variety of methods can be applied depending on the types of value to be measured. These methods can be grouped into three main types: market-based methods (e.g. surveys of direct use), those using surrogate markets (e.g. TCM) and those using hypothetical markets (e.g. CVM, Conjoint analysis). In this study we chose tourism/recreational value to illustrate the application of valuation methodology to environmental criteria used in decision processes, because it contains components of value which require techniques from all three main groups of valuation methods. We have demonstrated that it can be relatively straightforward to assess the current total value of a natural amenity (in this case, using market value, TCM and CVM techniques), and that the main complexity lies in evaluating the potential impacts of a change in the resource. The latter requires the use of hypothetical market, or stated-preference, techniques such as CVM or conjoint valuation. To our knowledge, conjoint valuation has rarely, if ever, been applied to this type of problem, but we believe this method has much potential for application in resource allocation decision processes such as EIA and RDM, particularly because it lends itself to flexibility in analysing alternative options. Whereas using CVM to evaluate alternatives requires a priori definition of scenarios, the use of conjoint valuation methods means that scenarios (in particular, the levels of attributes) can be redefined to some extent during the decision process.
